. For example, neonate-lesioned animals have increased locomotion following treatment with SKF-38393, a D 1 -DA receptor agonist, at doses that have minimal impact on control rats (Breese et al. 1985a,b). Repeated treatment with D 1 -DA agonists can lead to extremely high rates of activity in lesioned rats, and this "priming" effect can still be observed 6 months after the chronic drug treatment (Breese et al. 1985b; Criswell et al. 1989b ). Supersensitivity of D 1 -DA receptors in neonatal-6-OHDA rats has also been linked to stereotyped responses and self-injurious behavior (SIB) following treatment with L-Dopa or apomorphine, suggesting that these animals can provide a valuable model for the self-injury and DA loss associated with Lesch-Nyhan disease (Breese et al. 1984a,b), a metabolic disorder primarily observed in male children (Lesch and Nyhan 1964) .
Rats given selective lesions of dopamine (DA)-containing neurons as neonates later show a unique profile of behavioral responses to D 1 -DA receptor activation (Breese et al. 1985a,b) . For example, neonate-lesioned animals have increased locomotion following treatment with SKF-38393, a D 1 -DA receptor agonist, at doses that have minimal impact on control rats (Breese et al. 1985a,b) . Repeated treatment with D 1 -DA agonists can lead to extremely high rates of activity in lesioned rats, and this "priming" effect can still be observed 6 months after the chronic drug treatment (Breese et al. 1985b; Criswell et al. 1989b ). Supersensitivity of D 1 -DA receptors in neonatal-6-OHDA rats has also been linked to stereotyped responses and self-injurious behavior (SIB) following treatment with L-Dopa or apomorphine, suggesting that these animals can provide a valuable model for the self-injury and DA loss associated with Lesch-Nyhan disease (Breese et al. 1984a,b) , a metabolic disorder primarily observed in male children (Lesch and Nyhan 1964) .
Paradoxically, although the aberrant responses in the neonate-lesioned rats can be completely blocked with selective D 1 -DA receptor antagonists (Breese et al. 1985a) , these animals are remarkably subsensitive to haloperidol, even at doses which induce catalepsy in normal controls and in rats given 6-OHDA as young adults (Bruno et al. 1985; Duncan et al. 1987) . Similarly, treatment with typical antipsychotic agents does not prevent the painful self-injury that occurs in Lesch- Nyhan patients (Watts et al. 1982) . However, clozapine, an atypical neuroleptic, prevented SIB in the animal model (Criswell et al. 1989a) , which led to testing of related compounds for similar effects on SIB in rodents Allen et al. 1998) . One promising candidate for further investigation is olanzapine, an atypical antipsychotic drug that has a pharmacological profile comparable, to some extent, with that of clozapine, but without the deleterious tendency to promote agranulocytosis (Meltzer and Fibiger 1996) . Binding investigations of the action of olanzapine have demonstrated a significant affinity for the D 2 -DA receptor site, as well as for the D 1 -DA, D 4 -DA, and serotonin (5-HT) 2A , 5-HT 2C , and 5-HT 3 receptor sites (Bymaster et al. 1996; Arnt and Skardfeldt 1998) . Previous work has suggested that the unique antipsychotic efficacy of atypical neuroleptics is based, at least in part, on significant blockade of D 1 -DA receptor function (Miller et al. 1990; Nordstrom et al. 1995; Josselyn et al. 1997) .
Given the past reports of atypical antipsychotic effects on functions associated with D 1 -DA receptors in neonatelesioned rats (Criswell et al. 1989a; Davis et al. 1997; Allen et al. 1998) , the present studies were designed to systematically test olanzapine in this animal model. The first experiments investigated the action of olanzapine on measures linked to sensitized D 1 -DA receptors in lesioned animals: locomotor activity and the induction of Fos protein in brain following SKF-38393 treatment, and the development of behavioral sensitization (priming) with repeated treatment with this D 1 -DA agonist. In addition, olanzapine was tested in rats given 6-OHDAlesions as young adults, because previous work has demonstrated that animals lesioned in adulthood show enhanced locomotor responses to selective D 2 -DA receptor agonists, in comparison to both neonate-lesioned animals and controls (Breese et al. 1985b) . Differential effects on sensitized D 2 -DA, versus D 1 -DA, receptor function were investigated by testing olanzapine against quinpirole-induced activity in adult-lesioned rats. Finally, the action of olanzapine on induction of SIB following apomorphine administration to neonate-lesioned rats was evaluated, because self-biting and self-injury has been linked to D 1 -DA receptor activation (Breese et al. 1984a,b) .
METHODS

Subjects
Subjects given treatment with 6-OHDA as neonates were offspring of Sprague-Dawley breeding stock obtained from Charles River Laboratories, Inc. (Raleigh, NC). Both males and females were included in the experiments, and subjects were distributed into groups as evenly as possible on the basis of gender and litter. Subjects given 6-OHDA treatment as young adults were male animals directly ordered from Charles River Laboratories, Inc.
The animals were housed in groups of two or three, with free access to water and food (Purina Rat Chow, supplemented with apples), and maintained on a 12-h lightdark cycle in a temperature controlled environment. All procedures involved in this work were in strict compliance with the policies on animal welfare of the National Institutes of Health and the University of North Carolina (stated in the "Guide for the Care and Use of Laboratory Animals," Institute of Laboratory Animal Resources, National Research Council, 1996 edition).
Lesioning of Dopamine-Containing Neurons in Neonate Rats
On day 3 after birth, male and female rat pups were anesthetized with ether and injected intracisternally with 100 g (free base) 6-OHDA in 10 l saline (0.5% ascorbic acid). Subjects also received a 1-hour pretreatment with desipramine (20 mg/kg, given IP), to protect norepinephrine-containing neurons (Breese and Traylor 1972) . Previous studies have demonstrated that striatal dopamine is reduced by greater than 90% with this treatment, with no reduction in brain levels of norepinephrine or serotonin (Breese et al. 1984a ). Pups were returned to their dams following recovery from the ether. All pups in a given litter were treated with 6-OHDA, and litter size was restricted to a maximum of 10 pups.
Lesioning of Dopamine-Containing Neurons in Young Adult Rats
At approximately 40 days of age, male rats were anesthetized with ether and injected intracisternally with 200 g (free base) 6-OHDA in 10 l saline (0.5% ascorbic acid). Subjects received a 1-hour pretreatment with desipramine (20 mg/kg, given IP), to protect norepinephrine-containing neurons. In addition, each rat was given pargyline (35 mg/kg), an MAO inhibitor, one-half hour before the 6-OHDA treatment to prolong the neurotoxicant action. This treatment has been shown in previous work to reduce dopamine by greater than 90%, with no reduction in brain levels of norepinephrine or serotonin (Breese et al. 1984a) . One week later, the animals were again treated with 6-OHDA and desipramine, as described above, but were not given the pargyline pretreatment. For 2 to 3 weeks following the second treatment with 6-OHDA, the subjects were hand fed either a nutritionally complete liquid diet (Frye et al. 1981) or softened rat chow mixed with flavored yogurt to promote recovery from the dopamine loss. Testing began 8 weeks following the second 6-OHDA treatment.
Testing of Locomotor Activity
Neonate-Lesioned Subjects. For the studies on acute olanzapine effects on sensitized responses, only rats primed by repeated administration of DA agonists were used. The priming procedure began with one dose of SKF-38393 (6 mg/kg), administered to experimentally naive rats. Following the injection, each animal was returned to its home cage. One week later, the animals were treated with a lower dose of SKF-38393 (3 mg/kg) and observed in home cages for stereotyped responses or repeated locomotion. Any subject not demonstrating a supersensitive reaction was tested again, 1 week later, with SKF-38393 (3 mg/kg). Animals still not showing supersensitization were not used in the subsequent studies on olanzapine effects.
Tests for locomotor counts began 3 to 5 weeks following the priming procedure for D 1 -DA receptor sensitization. Subjects were measured for activity in circular locomotor chambers, each with six photocells arranged around the periphery. Scores were derived from breaks in the photobeams crossing the chambers. Each test session began with a 50-min habituation period, followed by a 150-min testing period. The first two experiments investigated the effects of olanzapine on locomotion in adult rats treated with 6-OHDA as neonates. For the first experiment, olanzapine (3, 5, or 10 mg/kg) or vehicle was administered immediately following the habituation period. In the second experiment, SKF-38393 (3 mg/kg) was administered immediately following the habituation period. Pretreatment with olanzapine (3, 5, or 10 mg/kg) or vehicle occurred 20 min before the administration of SKF-38393. There were at least 5 days between each test session.
Young Adult-Lesioned Subjects. For the experiment on the effects of olanzapine in adult rats lesioned with 6-OHDA in early adulthood, only subjects showing supersensitized responses to quinpirole (0.3 mg/kg) were used. The procedure for inducing sensitization was the same as described above, with an initial injection of 0.6 mg/kg quinpirole followed, 1 week later, with a dose of 0.3 mg/kg. Subjects were tested with a third dose of quinpirole (0.3 mg/kg) only if sensitized responses were not observed after the second treatment.
Tests for locomotor counts began 3 to 5 weeks following the priming procedure. Subjects were measured for activity as described above. For this experiment, quinpirole (0.3 mg/kg) was administered immediately following the habituation period. Pretreatment with olanzapine (1, 2, or 3 mg/kg) or vehicle occurred 20 min before the administration of quinpirole. There were at least 5 days between each test session.
Testing for Effects of Olanzapine on Sensitization to a D 1 -DA Receptor Agonist in Neonate-Lesioned Rats
For this experiment, only experimentally naive animals were used. Locomotor scores were determined from photocell counts during a 150-min testing session, as previously described. All subjects were first assessed for baseline locomotor scores following vehicle injection. Following this first session, one group of subjects ( n ϭ 14) was measured for locomotor activity after SKF-38393 (3 mg/kg), with only vehicle pretreatment, once per week for 5 weeks. A second group ( n ϭ 14) underwent the same procedure, except with olanzapine (10 mg/kg) pretreatment before the first three exposures to SKF-38393. The olanzapine or vehicle pretreatment occurred 20 min before the administration of SKF-38393. Sensitization to the D 1 -DA agonist was determined on the last two sessions, test days 1 and 2, when all subjects received only SKF-38393.
Testing for Self-Injurious Behavior (SIB)
Experimentally naive subjects between 3 and 4 months of age were first tested for supersensitivity to a D 1 -dopamine agonist (SKF 38393, 3 mg/kg), as described in the preceding section. Only animals showing high levels of locomotor activity following repeated treatment (at 1-week intervals) of the D 1 -DA receptor agonist were used in the later experiment. Next, the animals were screened for SIB. Each subject was given the mixed D 1 /D 2 -type DA receptor agonist, apomorphine (10 mg/kg), and then placed in a clear plastic cage. Behavior was recorded for 1 min, at 10-min intervals, for 2 1/2 hours following drug administration. This treatment typically leads to vigorous self-biting of the forepaws, forelimbs, or (less often) the chest area. In the present study, as soon as a lesion was observed, the animal was marked positive for SIB and given a D 1 -DA receptor antagonist (SCH-23390, 0.5 mg/kg) to suppress the self-biting. Only animals identified as SIB positive were used as subjects for the subsequent experiment on olanzapine blockade of self-injury. These subjects were taken from six litters, and were distributed into groups based on litter and gender. Testing with olanzapine in the neonate-lesioned rats did not proceed for at least 3 weeks after initial screening for self-injury. Olanzapine (10 or 20 mg/kg) or vehicle pretreatment was given 10 min before the administration of apomorphine (10 mg/ kg) to the neonate-lesioned rats, and behavioral responses were recorded as described above.
Drugs
Olanzapine (a gift from Lilly Research Laboratories, Indianapolis, IN) was dissolved in a minimal amount of 1.0 N HCl, then diluted in saline, with the pH adjusted between 5.0 and 6.0 with 1.0 N NaOH. SKF-38393 (3 mg/kg; Research Biochemicals Inc., Natick, MA) was dissolved in heated saline. Apomorphine (10 mg/kg; Research Biochemicals Inc., Natick, MA) was dissolved in a saline solution with 0.1% ascorbic acid. Quinpirole (LY171555; 0.3 mg/kg; a gift from Lilly Research Laboratories) was dissolved in saline. All drugs were administered by intraperitoneal injection.
Measurement of Fos-Like Immunoreactivity (Fos-LI)
Anesthetized animals were perfused transcardially with 0.1 M phosphate-buffered saline (PBS), followed by 4% paraformaldehyde in 0.1 M phosphate-buffer solution. Brains were then placed in paraformaldehyde and kept in cold storage until cut with a vibratome. Sections (50 m thick) were taken for selected brain regions, and a standard avidin-biotin/horseradish peroxidase method was used for the Fos-LI assay, as previously described (Duncan et al. 1996) . Briefly, Fos-LI was detected using an affinity-purified sheep polyclonal antibody (1:10,000) raised to a synthetic peptide of fos (Cambridge Research Biochemicals, Inc., Wilmington, DE; current source is Biogenesis, Brentwood, NH), and visualized with Vectastain ABC kits (Vector Laboratories, Inc., Burlingame, CA) containing rabbit antigoat IgG, and 3,3 Ј -diamino-benzidene tetrahydrochloride (DAB; Polysciences, Inc., Warrington, PA). Cells demonstrating nuclear Fos-LI were counted at a total magnification of 200 X for each striatal quadrant.
Data Analysis
Locomotor measures were first analyzed using a repeated measures analysis of variance (ANOVA). Levels of Fos-LI were also analyzed using a repeated measures ANOVA, with striatal region serving as the repeated measure. Fisher's protected least-significant difference (PLSD) tests were conducted on group means only when a significant F value was found. For the experiment on olanzapine pretreatment during a chronic priming regimen, Student's t -tests were used for data collected on test days 1 and 2. Significance was set at p Ͻ .05.
RESULTS
Effect of Acute Olanzapine Pretreatment on Baseline and SKF-38393-Induced Locomotion
The effects of olanzapine on baseline levels of activity, as well as on sensitized locomotor responses to D 1 -DA receptor stimulation, were determined for animals with neonatal loss of DA-containing neurons. Figure 1 demonstrates that olanzapine, by itself, significantly decreased locomotion in the lesioned animals at the two higher doses tested (5 and 10 mg/kg) [F(3,42) ϭ 10.37, p ϭ .0001]. Treatment with the D 1 -DA receptor agonist SKF-38393 markedly enhanced activity levels in the lesioned rats (Figure 2) .It is notable that published reports have consistently documented that control animals (rats given sham lesions via neonatal vehicle treatment) typically show no response to single or repeated treatment with SKF-38393 (Breese et al. 1985a,b) . In the present Figure 1 . Effect of olanzapine on locomotor activity in neonatal 6-OHDA-lesioned rats. Data shown are mean (Ϯ SEM) activity scores taken across a 150-min session, with at least 5 days between each session. Results are from male rats (n ϭ 6) and female rats (n ϭ 9), taken from six litters, and previously primed with repeated doses of SKF-38393 (3 mg/kg). * p Ͻ .05, olanzapine treatment versus saline treatment. Figure 2 . Effect of olanzapine on locomotor activity following SKF-38393 (SKF; 3 mg/kg) in neonatal 6-OHDAlesioned rats. Data shown are mean (Ϯ SEM) activity scores taken across a 150-min session, with at least 5 days between each session. Results are from male rats (n ϭ 6) and female rats (n ϭ 9), taken from six litters, previously primed with repeated doses of SKF-38393 (3 mg/kg). * p Ͻ .05, SKF-38393 treatment versus saline treatment. ** p Ͻ .05, olanzapine pretreatment versus SKF-38393 alone. study, olanzapine significantly blocked the stimulant impact of SKF-38393 within a moderate dose range [F(4,52) ϭ 17.95, p Ͻ .001]. Analysis of the data for possible gender effects indicated that there were no significant differences between the means for male and female subjects under any of the experimental conditions. In fact, the very high rates of activity induced by SKF-38393 were almost identical for the two groups (males, mean Ϯ SEM ϭ 20,396 Ϯ 3437; females, 20,070 Ϯ 2250). Therefore, the data from male and female animals have been combined in the experiments using neonate-lesioned subjects.
Effect of Olanzapine on SKF-38393-Induced Fos-Like Immunoreactivity (Fos-LI)
The antagonistic power of olanzapine against D 1 -DA receptor function was also determined for the potent Fos-LI induction that occurs in the striatal area of neonate-lesioned rats following treatment with SKF-38393 (Johnson et al. 1992; Criswell et al. 1993) . As depicted in Figure 3 , and the photomicrographs in Figure 4 , D 1 -DA receptor activation led to a marked increase in levels of Fos-LI in each striatal quadrant (significant main effect of treatment [F (3,21) ϭ 12.955, p ϭ .0001] and striatal region (the repeated measure), [F (3,63 ) ϭ 14.155, p ϭ .0001]). Further analysis showed that pretreatment with the high dose of olanzapine (10 mg/kg) significantly reduced these effects of SKF-38393 in each striatal quadrant. The remaining low levels of Fos-LI still apparent after pretreatment with the higher dose of olanzapine were not significantly different from saline levels in any quadrant (p Ͼ .05). The effect of the low dose of olanzapine (5 mg/kg) was significant in only the dorsal-lateral and ventral-medial areas (significant interaction between treatment and striatal region [F(9,63) ϭ 2.768, p Ͻ .009]).
Effect of Olanzapine Pretreatment on Sensitization to a D 1 -DA Receptor Agonist in Neonate-Lesion Rats
In confirmation of previous work (Breese et al. 1985b; Criswell et al. 1989b On the test day, all animals received either saline or a low dose (3 mg/kg) or high dose (10 mg/kg) of olanzapine. Twenty minutes later, subjects received either saline (saline group only) or SKF-38393 (3 mg/kg). After each injection, rats were returned to their home cages. Two hours following the second injection, animals were sacrificed and brains collected for analysis. For group sizes, n ϭ 5 for saline, n ϭ 6 for SKF-38393, and n ϭ 7 each for the low dose and high dose olanzapine pretreatment groups. Overall, there were 10 male and 15 female animals, taken from 11 litters. DL: dorsal-lateral; DM: dorsalmedial; VL: ventral-lateral; VM: ventral-medial. * p Ͻ .05, olanzapine pretreatment versus SKF-38393 alone. jects received a dose of SKF-38393, to assess if the sensitization process had been blocked by the olanzapine pretreatment. A small, but significant, difference was found between activity levels for the group given olanzapine, in comparison to the vehicle-treated animals [t (26) ϭ 1.84, p Ͻ .04]. By the second test day, the groups had virtually identical average scores, suggesting that the maximal level of sensitivity in the two groups was comparable ( Figure 5 ).
Effect of Olanzapine Against Sensitized Responses to a D 2 -DA Receptor Agonist in Adult-Lesion Animals
Rats given selective dopamine lesions as young adults typically show markedly high rates of activity in response to treatment with quinpirole, a D 2 -type DA receptor agonist (Breese et al. 1985b) . As presented in Figure 6 , olanzapine was able to block this locomotor enhancement by quinpirole in a dose-related fashion [F (4,40) ϭ 13.69, p ϭ .0001]. This antagonism occurred over a much narrower dose range than observed with olanzapine against D 1 -DA receptor-mediated responses in the animals given lesions as neonates, suggesting a greater potency for olanzapine against D 2 -DA receptormediated events. It is notable that a dose of 3 mg/kg olanzapine fully prevented the high levels of activity induced by quinpirole, but did not significantly decrease the comparable activation observed with SKF-38393.
Effect of Olanzapine Against Self-Injurious Behavior (SIB) Induced by Apomorphine
One of the most striking aberrant responses found in rats given selective dopamine lesions as neonates is the selfinjury observed following treatment with DA receptor agonists (Breese et al. 1984a,b) . In agreement with these earlier reports, a high dose of apomorphine (10 mg/kg) elicited a characteristic behavioral profile that included head-bobbing, taffy-pulling (forepaws drawn repeatedly up to the mouth or face), and self-biting, as well as selfinjury, in the neonate-lesioned rats. As shown in Table 1 , pretreatment with olanzapine attenuated the observed SIB in a dose-dependent fashion, with an almost complete blockade of self-injury at the highest dose (20 mg/ kg). Examination of the behavioral records for the animals given the highest dose of olanzapine indicates that these subjects exhibited some type of overt behavioral response during 70% of the recording interval, including high rates of sniffing (62% of the time) and lower rates of rearing (8%) and locomotion (7%). It is notable that one of the subjects that did not show SIB still demonstrated Figure 5 . Effect of olanzapine on priming in neonatal 6-OHDA-lesioned rats. Data shown are mean (Ϯ SEM) activity scores taken across a 150-min session, with at least 5 days between each session. Rats in the SKF-38393 group (n ϭ 5 males and 9 females) were given five treatments with the D1-agonist (3 mg/kg), with vehicle pretreatment before dose 1, dose 2, and dose 3. Animals in the olanzapine group (n ϭ 6 males and 8 females) were given the same treatment with SKF-38393 (3 mg/kg), but with olanzapine pretreatment (10 mg/kg) before dose 1 through dose 3. There were no pretreatments before SKF-38393 administration on test days 1 and 2. Subjects were taken from 7 litters. * p Ͻ .05, SKF-38393 group versus olanzapine group, Fisher's PLSD test. ** p Ͻ .05, SKF-38393 group versus olanzapine group, Student's t-test. Figure 6 . Effect of olanzapine on locomotor activity following quinpirole (0.3 mg/kg) in adult rats treated with 6-OHDA as young adults. Data shown are mean (Ϯ SEM) activity scores taken across a 150-min session, with at least 5 days between each session. Results are from male rats (n ϭ 11), previously assessed for supersensitivity for quinpirole. *p Ͻ .05, quinpirole treatment versus saline treatment. ** p Ͻ .05, olanzapine pretreatment versus quinpirole alone.
repeated paw licks (31% of the time), which were not blocked by the high dose of olanzapine. Similarly, a second subject still evidenced taffy-pulling (19% of the time) following treatment with the higher olanzapine dose. While further comparisons between the behavioral data from all of the experimental groups is confounded by the immediate use of a D 1 -DA receptor antagonist following the first observation of SIB (a treatment that might have altered all subsequent behavioral responses), these data still provide an indication that the animals given the highest dose of olanzapine were still capable of emitting some stereotyped responses.
DISCUSSION
The main purpose of the present investigation was to determine whether olanzapine would antagonize functional responses mediated by sensitized D 1 -DA receptors in rats given early 6-OHDA treatment. Previous work had demonstrated that the binding profile for olanzapine includes a high level of affinity for the D 1 -DA receptor site (Bymaster et al. 1996; Schotte et al. 1996; Arnt and Skardfeldt 1998) . In line with these reports, olanzapine was found to act as a potent antagonist against several measures of selective D 1 -DA agonist effects in rats with sensitized D 1 -DA receptors. In particular, olanzapine attenuated the increase in locomotion observed after the acute administration of SKF-38393, in contrast to previous findings with clozapine, which did not fully block SKF-38393-induced activity in neonate-lesioned rats, even at a maximal dose of 100 mg/kg (Criswell et al. 1989a) . It is notable that, although olanzapine and clozapine have been characterized as having comparable effects in behavioral tests (Moore et al. 1992 (Moore et al. , 1997 Devaney and Waddington 1996) and similar therapeutic profiles for the treatment of schizophrenia (Beasley et al. 1996) , radioreceptor binding assays show that olanzapine has a greater affinity for both D 1 -DA and D 2 -DA receptors, but lower affinity for D 4 -DA receptors, in comparison to clozapine (Bymaster et al. 1996) .
In addition to suppressing the high rates of locomotion observed with SKF-38393, olanzapine also dosedependently reduced the increase in striatal Fos protein levels, measured as Fos-LI (Fos-like immunoreactivity). In normal animals, the administration of selective D 1 -DA receptor agonists does not induce Fos-LI in brain, yet these same compounds, when given to rats with neonatal 6-OHDA treatment, elicit a pronounced expression of Fos-LI in striatum and cortex (Johnson et al. 1992; Criswell et al. 1993) .
Sensitized D 1 -DA receptors may also be necessary to observe an antagonistic effect of olanzapine against striatal Fos protein expression, because treatment with this antipsychotic alone can induce significant levels of Fos-LI in the striatum and other brain areas of normal rats (Robertson and Fibiger 1996; Sebens et al. 1998) . Interestingly, treatment with quinpirole, a selective D 2 -type DA receptor agonist, invokes high rates of activity in lesioned rats, but does not have a comparable impact on Fos-LI (Johnson et al. 1992) . Pretreatment with MK-801 (1.0 mg/kg), an antagonist for the NMDA receptor, can significantly reduce the striatal Fos-LI observed following SKF-38393 (Criswell et al. 1993) , indicating that a component of this neuronal response might be attributable to glutamatergic neurotransmission.
The impact of olanzapine on SKF-38393-induced locomotion suggests that its action at the D 1 -DA receptor site could be a mechanism for the observed antagonistic power against the induction of Fos-LI, but other mechanisms will have to be explored to establish this possibility. In fact, work examining ex vivo receptor binding in rat brain indicates that the dose range used in the present study was at or above the ED 50 values for high receptor occupancy of specific 5-HT receptor subtypes, in particular the 5-HT 2A subtype, as well as adrenergic ␣ 1 and ␣ 2 receptors, cholinergic muscarinic receptors, and histamine H 1 receptors (Schotte et al. 1996) . Although high potency at the ␣ 1 and H 1 receptors might be linked to sedative effects (Schotte et al. 1996) , the failure of a markedly high dose of clozapine (100 mg/kg) to block locomotion induced by a DA-D1 receptor agonist fully (Criswell et al. 1989a) suggests that a comparable action of olanzapine on these receptors did not mediate the decreases in locomotion and the induction of Fos-LI observed in the present study. On the other hand, previous work using binding assays has shown that olanzapine has a very low affinity for sites on the NMDA receptor complex (see Bymaster et al. 1999 , for review); however, other researchers have found that olanzapine can block behavioral responses induced by treatment with NMDA antagonists (e.g., Ninan and Kulkarni 1999) , indicating that olanzapine might have a significant impact on glutamate receptor function.
Previous work has shown that repeated treatment with selective D 1 -DA receptor agonists can induce pro- a Animals were pretreated with olanzapine 10 min before the administration of apomorphine (10 mg/kg).
b SIB (self-injurious behavior) was defined as a break in the skin attributable to self-biting.
gressive increases in activity (priming) in animals given neonatal 6-OHDA treatment, but not in animals with intact dopaminergic function (Breese et al. 1985b; Criswell et al. 1989b) . Pretreatment with SCH-23390, a selective D 1 -DA receptor antagonist, or MK-801, can block priming in the lesioned rats (Criswell et al. 1989b (Criswell et al. , 1990 . In the present study, olanzapine (10 mg/kg) had a small, but significant, effect on the emergence of priming in the lesioned animals. At this same dose, olanzapine could fully block the acute effects of SKF-38393-induced locomotion, but attenuated SIB in only 50% of the animals tested for self-injury following apomorphine (see discussion below). It is possible that a higher dose of olanzapine might be necessary to prevent sensitization of D 1 -DA receptors completely.
Past research has demonstrated that the self-injury observed in neonate-lesioned rats following treatment with L-Dopa or apomorphine can be prevented by SCH-23390 (Breese et al. 1985a; Allen et al. 1998 ). Therefore, given the ability of olanzapine to block D 1 -DA receptors, we tested whether olanzapine would also be effective against this aberrant behavior linked to sensitized dopaminergic receptors. The successful blockade of self-injury with olanzapine observed in the present study corresponds with previous work on the efficacy of atypical antipsychotics against SIB (Criswell et al. 1989a; Davis et al. 1997; Allen et al. 1998) . Although the effective dose of olanzapine was high enough to reduce spontaneous activity, this dose is still below the dose range associated with catalepsy in rats (Moore et al. 1992) . Examination of the behavioral records indicated that the animals had low activity levels, but were not immobilized. The observation of repeated stereotyped responses in two of the subjects that did not exhibit SIB provides some evidence that the action of olanzapine at the higher dose was not based on sedation of the rats.
Although the effect of olanzapine on SIB could be attributed to an action on D 1 -DA receptor function, other evidence suggests that serotonergic neurotransmission might also influence self-injury induced by apomorphine. Mianserin, a selective 5-HT 2C receptor antagonist, can prevent SIB Davis et al. 1997) , and m-CPP, a serotonergic agonist for the same receptor site, can induce self-biting ) in neonatal-6-OHDA-treated rats. Both clozapine and olanzapine have been shown to have a high affinity for the 5-HT 2C receptor, as well as the 5-HT 2A and 5-HT 3 receptors (Kuoppamaki et al. 1995; Bymaster et al. 1996; Schotte et al. 1996) . Further in vitro work using functional responses from receptor-transfected cells has demonstrated that olanzapine is especially effective as an antagonist of 5-HT 2A and 5-HT 2C receptors . The potency of olanzapine on these serotonergic receptors is considerably greater than for its action on the D 1 -DA receptor (Zhang and Bymaster, 1999) . Allen et al. (1998) suggested that the high affinity of risperidone (another atypical antipsychotic) for the 5-HT 2C receptor is the basis for the successful amelioration of SIB in neonate-lesioned rats. Consequently, questions remain whether influences on D 1 -DA or 5-HT receptors or collectively on both receptor systems account for the therapeutic efficacy of olanzapine and other atypical antipsychotic agents that reduce the selfinjury induced in the neonate-lesioned rats.
The present study also assessed the ability of olanzapine to block locomotor responses mediated by sensitized D 2 -DA receptors. In this case, rats were given lesions of DA-containing as young adults, because previous work has indicated that DA loss in older animals leads to a greater sensitivity to selective D 2 -DA receptor agonists, in comparison to both neonate-lesioned rats and normal animals (Breese et al. 1985b) . Olanzapine proved to have a much more potent impact against quinpirole-induced activity in the adult-lesioned animals, with a full blockade of locomotor effects at a dose (3.0 mg/kg) that failed to reduce SKF-38393-induced activity by a significant amount in the neonate-lesioned rats. This finding is in line with some past reports showing a greater impact for olanzapine on D 2 -DA, in contrast to D 1 -DA, receptor binding (Bymaster et al. 1996; Schotte et al. 1996; Arnt and Skardfeldt 1998; Zhang and Bymaster 1999) , but also may be reflective of a greater sensitivity of adultlesioned animals, in comparison to neonate-lesioned animals, to dopamine antagonists acting on D 2 -DA receptors (Bruno et al. 1985; Duncan et al. 1987) .
In summary, the present study provides evidence that olanzapine is a potent antagonist of DA receptor function in animals with supersensitive responses to DA agonists. However, the possibility remains that alterations in serotonergic or other neurotransmitter function, and not antagonism of DA receptor function, by olanzapine underlie the observed efficacy against selfinjury in neonate-lesioned animals. Overall, the results support the use of olanzapine in clinical syndromes that may involve aberrant behaviors, such as those observed in Lesch-Nyhan disease and some types of mental retardation (Lloyd et al. 1981; Breese et al. 1986 ).
